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NC  programming  apparatus. 

1?  In  creating  an  NC  program  for  machining  a  workpiece  by 
each  of  a  plurality  of  tools  (TL1  ,  TL2)  in  respective  quadrants, 
the  paths  traversed  by  each  of  the  tools  are  displayed  in  one 
and  the  same  quadrant  on  the  basis  of  NC  data  in  the  process 
of  being  created  ,  or  on  the  basis  of  already  existing  NC  data.  By 
displaying  the  paths  in  the  same  quadrant  it  becomes  easy  to 
visualise  the  overall  contour  of  the  piece  to  be  machined  by  the 
tools  and  whether  NC  programming  is  proceeding  correctly. 
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of  being  created,  or  on  the  basis  of  already  existing  NC  data.  By 
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tools  and  whether  NC  programming  is  proceeding  correctly. 



T h i s   i n v e n t i o n   r e l a t e s   to   an  NC  p r o g r a m m i n g  

a p p a r a t u s .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s   t o  

an  NC  p r o g r a m m i n g   a p p a r a t u s   u s e d   in   c r e a t i n g   an  NC 

p r o g r a m   f o r   m a c h i n i n g   a  w o r k p i e c e   in   s e p a r a t e   q u a d r a n t s  

by  e a c h   of   a  p l u r a l i t y   of  t o o l s ,   or   in   v e r i f y i n g   a n  

a l r e a d y   c r e a t e d   NC  t a p e   in   w h i c h   t h e   NC  p r o g r a m   h a s  

b e e n   p u n c h e d .  

A  l a t h e   h a v i n g   f o u r   s i m u l t a n e o u s l y   c o n t r o l l a b l e  

a x e s ,   r e f e r r e d   to   h e r e i n a f t e r   s i m p l y   as   a  " f o u r -  

a x i s   l a t h e " ,   i s   e q u i p p e d   w i t h   two  t o o l   r e s t s   e a c h   o f  

w h i c h   i s   c o n t r o l l e d   i n d e p e n d e n t l y   to   m a c h i n e   a  

w o r k p i e c e .   Such  a  l a t h e   may  come  e q u i p p e d   w i t h   one   o r  

two  s p i n d l e s .   F i g .   1  i s   an  e x p l a n a t o r y   v i e w   of  t h e  

f o r e g o i n g   l a t h e   h a v i n g   one  s p i n d l e .   SP  r e p r e s e n t s   t h e  

s p i n d l e , ' W K   a  w o r k p i e c e   h e l d   and   r o t a t e d   by  a  c h u c k  

CHK,  a n d   T L l ,   TL2  f i r s t   and   s e c o n d   t o o l   r e s t s ,  

r e s p e c t i v e l y .   W i t h   a  f o u r - a x i s   l a t h e   of  t h i s   k i n d ,   t h e  

two  t o o l   r e s t s   T L l ,   TL2  s u b j e c t   t h e   s i n g l e   w o r k p i e c e   WK 

to   m a c h i n i n g   in   f i r s t   and   f o u r t h   q u a d r a n t s ,  

r e s p e c t i v e l y ,   e n a b l i n g   m a c h i n i n g   e f f i c i e n c y   to   b e  

g r e a t e l y   i m p r o v e d .  

S i n c e   t h e   t o o l   r e s t s   T L l ,   TL2  a r e   t r a n s p o r t e d   i n  

t h e   f i r s t   and   f o u r t h   q u a d r a n t s ,   r e s p e c t i v e l y ,   an  NC 

p r o g r a m   i s   c r e a t e d   f o r   m o v i n g   t h e   t o o l   r e s t   TL1  in   t h e  

f i r s t   q u a d r a n t ,   and  a n o t h e r   NC  p r o g r a m   i s   c r e a t e d   f o r  



m o v i n g   t h e   t o o l   r e s t   TL2  in   t h e   f o u r t h   q u a d r a n t .   I t  

h a s   b e e n   a t t e m p t e d   to   d i s p l a y   or   p l o t   t h e   p a t h   of  e a c h  

t o o l   on  a  CRT  or   p l o t t e r   as  t h e   NC  p r o g r a m s   a r e   b e i n g  

c r e a t e d ,   or  in   a c c o r d a n c e   w i t h   an  a l r e a d y   c r e a t e d   NC 

t a p e   in   w h i c h   t h e   NC  p r o g r a m s   h a v e   b e e n   p u n c h e d .   O w i n g  

to   t h e   m a c h i n i n g   c a r r i e d   o u t   in   t h e   s e p a r a t e   q u a d r a n t s ,  

h o w e v e r ,   one   t o o l   p a t h   i s   d i s p l a y e d   or   p l o t t e d   in   t h e  

f i r s t   q u a d r a n t   and   t h e   o t h e r   in   t h e   f o u r t h   q u a d r a n t ,   a s  

shown  i n   F i g .   2.  ( I t   s h o u l d   be  n o t e d   t h a t   t h e   d a s h e d  

l i n e   in   F i g .   2  i s   n o t   d i s p l a y e d   or  p l o t t e d . )   T h i s  

m a k e s   i t   d i f f i c u l t   to   g r a s p   t h e   o v e r a l l   c o n t o u r  

m a c h i n e d   by  t h e   t o o l s   of   t h e   t o o l   r e s t s   TL l ,   TL2,  a n d  

i t   c a n n o t   be  r e a d i l y   a s c e r t a i n e d   w h e t h e r   NC  p r o g r a m m i n g  

i s   p r o c e e d i n g   c o r r e c t l y .   In  o t h e r   w o r d s ,   w i t h   a n  

a u t o m a t i c   p r o g r a m m i n g   a p p a r a t u s   in   w h i c h   a  w o r k p i e c e   i s  

m a c h i n e d   in   s e p a r a t e   q u a d r a n t s   by  e a c h   of  a  p l u r a l i t y  

of  t o o l s ,   a  p r o b l e m   c o n f r o n t e d   in   t h e   p r i o r   a r t   i s   t h a t  

t h e   p a t h s   t r a v e r s e d   by  t h e   t o o l s   c a n n o t   b e ' d i s p l a y e d  

t o g e t h e r   in   one   and   t h e   same  q u a d r a n t ,   m a k i n g  i t  

d i f f i c u l t   to   c o m p r e h e n d   c o r r e c t l y   t h e   f i n a l ,   o v e r a l l  

s h a p e   a n d ,   h e n c e ,   t o   c h e c k   t h e   p r o g r a m s .  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

an  NC  p r o g r a m m i n g   a p p a r a t u s   w h e r e i n   NC  p r o g r a m m i n g   c a n  

be  c h e c k e d   f o r   c o r r e c t n e s s   w i t h   e a s e   by  e n a b l i n g  

o b s e r v a t i o n   of  a  m a c h i n e d   s h a p e   in   i t s   e n t i r e t y .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o r e g o i n g  

o b j e c t   i s   a t t a i n e d   by  p r o v i d i n g   an  NC  p r o g r a m m i n g  



a p p a r a t u s   f o r   c r e a t i n g   an  NC  p r o g r a m   in  a c c o r d a n c e   w i t h  

w h i c h   a  w o r k p i e c e   i s   s u b j e c t e d   to   m a c h i n i n g   by  e a c h   o f  

a  p l u r a l i t y   of  t o o l s   in   r e s p e c t i v e   q u a d r a n t s .   T h e  

p a t h s   t r a v e r s e d   by  t h e   r e s p e c t i v e   t o o l s   a r e   d i s p l a y e d  

in  one   and   t h e   same  q u a d r a n t   to   e n a b l e   t h e   o v e r a l l  

f i n a l   s h a p e   of  t h e  w o r k p i e c e   to   be  g r a s p e d   c o r r e c t l y .  

O t h e r   f e a t u r e s   and   a d v a n t a g e s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   be  a p p a r e n t   f r o m   t h e   f o l l o w i n g  

d e s c r i p t i o n   t a k e n   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h   l i k e   r e f e r e n c e   c h a r a c t e r s   d e s i g n a t e  

t h e   same  or  s i m i l a r   p a r t s   t h r o u g h o u t   t h e   f i g u r e s  

t h e r e o f .  

F i g .   1  i s   an  e x p l a n a t o r y   v i e w   of  a  f o u r - a x i s   l a t h e  

h a v i n g   two  t o o l   r e s t s   e a c h   of  w h i c h   i s   c o n t r o l l e d   a l o n g  

two  a x e s   s i m u l t a n e o u s l y ;  

F i g .   2  i s   an  e x a m p l e   of   a  d i s p l a y   s h o w i n g   t o o l  

p a t h s   a c c o r d i n g   to   t h e   p r i o r   a r t ;  

F i g s .   3  and   4  a r e   e x a m p l e s   of  d i s p l a y s   s h o w i n g  

t o o l   p a t h s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g s .   5  and  6  a r e   b l o c k   d i a g r a m s   s h o w i n g   f i r s t   a n d  

s e c o n d   e m b o d i m e n t s ,   r e s p e c t i v e l y ,   of  an  a u t o m a t i c  

p r o g r a m m i n g   a p p a r a t u s   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n .  

R e f e r e n c e   w i l l   now  be  h a d  t o   F i g s .   3  and  4  s h o w i n g  

e x a m p l e s   of  d i s p l a y s   of  t o o l   p a t h s   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .   B o t h   f i g u r e s   r e l a t e   to  t h e  



f o u r - a x i s   l a t h e   d e s c r i b e d   a b o v e ,   t h e   l a t h e   h a v i n g   t w o  

t o o l   r e s t s   T L l ,   TL2.  F i g .   3  s h o w s   an  e x a m p l e   in   w h i c h  

t h e   p a t h s   t r a v e r s e d   by  t h e   t o o l s   of  t h e   t o o l   r e s t s   T L 1 ,  

TL2  a r e   d i s p l a y e d   in   t h e   f i r s t   q u a d r a n t   f o r   a  c a s e  

w h e r e   a  t u r n i n g   o p e r a t i o n   i s   p e r f o r m e d   in   t h e   f i r s t  

q u a d r a n t   by  t h e   t o o l   r e s t   TL1  and   a  g r o o v i n g   o p e r a t i o n  

i s   p e r f o r m e d   in   t h e   f o u r t h   q u a d r a n t   by  t h e   t o o l   r e s t  

TL2.  F i g .   4  s h o w s   an  e x a m p l e   in   w h i c h   t h e   p a t h s  

t r a v e r s e d   by  t h e   t o o l s   of   t h e   t o o l   r e s t s   T L l ,   TL2  a r e  

d i s p l a y e d   in   t h e  f i r s t   q u a d r a n t   f o r   a  c a s e   w h e r e   c o a r s e  

c u t t i n g   i s   p e r f o r m e d   in   t h e   f i r s t   q u a d r a n t   by  t h e   t o o l  

r e s t   TL1  and   f i n e   or   f i n i s h i n g   c u t t i n g   i s   p e r f o r m e d  i n  

t h e   f o u r t h   q u a d r a n t   by  t h e   t o o l   r e s t   TL2.  I t   s h o u l d   b e  

n o t e d   t h a t   t h e   d a s h e d   l i n e   in   F i g s .   3  and  4  i s   n o t  

d i s p l a y e d .  

F i g .   5  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a n  

e m b o d i m e n t   of   an  a u t o m a t i c   p r o g r a m m i n g   a p p a r a t u s  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .   A  d a t a   i n p u t   u n i t  

101  s u c h   as  a  k e y b o a r d   i s   p r o v i d e d   f o r   t h e   e n t r y   o f  

v a r i o u s   d a t a   s u c h   as   p r o g r a m   d a t a   e x p r e s s e d   by  a n  

a u t o m a t i c   p r o g r a m m i n g   l a n g u a g e .   For   f u r t h e r   d e t a i l s ,  

s e e   t h e   i n s t r u c t i o n   m a n u a l   "FANUC  SYSTEM  P-MODEL  D  FAPT 

TEACHER",  J u n e ,   1 9 8 0 ,   p u b l i s h e d   by  F u j i t s u   F a n u c   K . K .  

When  t h e   p r o g r a m   d a t a   i s   e n t e r e d ,   an  NC  d a t a   c r e a t i o n  

u n i t   102  c r e a t e s   NC  d a t a ,   w h i c h   i s   t h e n   s t o r e d   in   a  RAM 

1 0 4 ,   u n d e r   t h e   c o n t r o l - o f   a  c o n t r o l   p r o g r a m   f o r   NC  p a r t  

p r o g r a m   c r e a t i o n   s t o r e d   in   a  ROM  103 .   We  w i l l   a s s u m e  

t h a t   t h e   p r o g r a m   d a t a   e n t e r e d   f r o m   t h e   d a t a   i n p u t   u n i t  



101  a r e   f i r s t   and  s e c o n d  p r o g r a m   d a t a   ( p r o g r a m s )   f o r  

c o n t r o l l i n g   f i r s t   and   s e c o n d   t o o l   r e s t s   TL1,  TL2  of  a  

f o u r - a x i s   l a t h e ,   and   t h a t   t o o l   s e l e c t i o n   i n s t r u c t i o n s  

h a v e   b e e n   i n s e r t e d   in   e a c h   p r o g r a m   a t   a p p r o p r i a t e  

l o c a t i o n s .   F u r t h e r ,   a l t h o u g h   t h e   t o o l s   of  t h e   f i r s t  

and   s e c o n d   t o o l   r e s t s   a c t u a l l y   m a c h i n e   a  w o r k p i e c e   i n  

t h e   f i r s t   and   f o u r t h   q u a d r a n t s ,   r e s p e c t i v e l y ,   t h e   f i r s t  

and   s e c o n d   p r o g r a m s   a r e   c r e a t e d   as  p r o g r a m s   f o r  

m a c h i n i n g   t h e   w o r k p i e c e   in   t h e   f i r s t   q u a d r a n t   by  t h e  

f i r s t   and   s e c o n d   t o o l   r e s t s .   The  r e a s o n   f o r   t h i s   w i l l  

b e c o m e   a p p a r e n t   h e r e i n b e l o w .   A  t o o l  -   q u a d r a n t   m e m o r y  

105  c o n n e c t e d   to   t h e   NC  d a t a   c r e a t i o n   u n i t   102  s t o r e s  

c o r r e s p o n d e n c e   b e t w e e n   t o o l   c o d e s   and   q u a d r a n t s   i n  

w h i c h   a  w o r k p i e c e  i s   to   be  m a c h i n e d   by  t h e   t o o l s  

s p e c i f i e d   by  t h e   t o o l   c o d e s .   The  d a t a   i n p u t   u n i t   1 0 1  

i s   c o n n e c t e d   to   a  r e g i s t e r   10.6  a n d   i s   a l s o   u s e d   t o  

e n t e r   d a t a ,   w h i c h   a r e   s e t   in   t h e   r e g i s t e r   1 0 6 ,  

i n d i c a t i v e   o f  a   q u a d r a n t   ( d i s p l a y   q u a d r a n t )   in   w h i c h  

t o o l   p a t h s   a r e   to   be  d i s p l a y e d .   In  t h e   i l l u s t r a t e d  

e m b o d i m e n t ,   t h i s   q u a d r a n t   i s   t h e  f i r s t  q u a d r a n t .  

When  t h e   NC  d a t a   c r e a t i o n   u n i t   102  c r e a t e s   NC  d a t a  

and   s t o r e s   t h e   d a t a   in   t h e   RAM  1 0 4 ,   a  d i s p l a y   u n i t   1 0 7  

d i s p l a y s   t h e   t o o l   p a t h s   of  t h e   f i r s t   and   s e c o n d   t o o l  

r e s t s ,   as   shown  in  F i g .   3  or  4,  b a s e d   on  t h e   NC  d a t a  

s t o r e d   in   t h e   RAM.  At  t h e   same  t i m e ,   t h e   NC  d a t a  

c r e a t i o n   u n i t   102  r e a d s   t h e   f i r s t   and   s e c o n d   t o o l   r e s t  

q u a d r a n t   d a t a   o u t   of  t h e   t o o l  -   q u a d r a n t   memory  105  a n d  

s e t s   t h e   d a t a   in  a  r e g i s t e r   108 .   More  s p e c i f i c a l l y ,  



t h e   q u a d r a n t   d a t a   r e a d   o u t   of  t h e   memory  105  and  s e t   i n  

t h e   r e g i s t e r   108  i s   q u a d r a n t   d a t a   c o r r e s p o n d i n g   to   a  

t o o l   c o d e   i n s e r t e d   in   t h e   f i r s t   p r o g r a m   d a t a ,   a n d  

q u a d r a n t   d a t a   c o r r e s p o n d i n g   to   a  t o o l   c o d e   i n s e r t e d   i n  

t h e   s e c o n d   p r o g r a m   d a t a .   When  t h i s   h a s   b e e n   c a r r i e d  

o u t ,   t h e   NC  d a t a   c r e a t i o n   u n i t   102  g o e s   to   t h e   RAM  1 0 4  

and   s u c c e s s i v e l y   r e a d s   o u t   t h e   NC  d a t a  f o r   t h e   f i r s t  

t o o l   r e s t   and   t h e   NC  d a t a   f o r   t h e   s e c o n d   t o o l   r e s t   f r o m  

t h e   b e g i n n i n g   t h e r e o f ,   and   a p p l i e s   t h e   d a t a   to   a  s i g n  

c o n v e r t i n g   u n i t   1 0 9 .   S i n c e   t h e   w o r k i n g   a r e a   of  t h e  

f i r s t   t o o l   r e s t   i s   t h e   f i r s t   q u a d r a n t ,   and  s i n c e   t h e  

d i s p l a y   q u a d r a n t   i s   a l s o   t h e   f i r s t   q u a d r a n t ,   t h e   NC 

d a t a   f o r   t h e   f i r s t   t o o l   r e s t   r e a d   o u t   of  t h e   RAM  104  i s  

d e l i v e r e d   f r o m   t h e   s i g n   c o n v e r t i n g   u n i t   109  w i t h o u t  

b e i n g   s u b j e c t e d   to   a  s i g n   c o n v e r s i o n   by  t h e   c o n v e r t i n g  

u n i t   1 0 9 .   On  t h e   o t h e r   h a n d ,   t h e   w o r k i n g   a r e a   of  t h e  

s e c o n d   t o o l   r e s t   i s   t h e   f o u r t h   q u a d r a n t   w h i l e   t h e  

d i s p l a y   q u a d r a n t   i s   t h e   f i r s t   q u a d r a n t .   T h e r e f o r e ,   t h e  

NC  d a t a   f o r   t h e   s e c o n d   t o o l   r e s t   i s   d e l i v e r e d   by  t h e  

s i g n   c o n v e r t i n g   u n i t   109  a f t e r   t h e   s i g n   of  t h e  

d i r e c t i o n   of  m o v e m e n t   s o l e l y   a l o n g   t h e   X  a x i s   i s  

c h a n g e d .   The  c o o r d i n a t e   s y s t e m   i s   as   shown  in   F i g s .   3 

and   4 .  

The  NC  d a t a   d e l i v e r e d   as  an  o u t p u t   by  t h e   s i g n  

c o n v e r t i n g   u n i t  l 0 9   i s   s t o r e d   in   a  RAM  110  and   a p p l i e d  

to   a  t a p e   p u n c h e r   111  w h e r e   t h e   d a t a   i s   p u n c h e d   i n t o   a  

p a p e r   t a p e   1 1 2 . t o   c r e a t e   an  NC  t a p e .  

T h u s ,   p r o g r a m m i n g   u s i n g   an  a u t o m a t i c   p r o g r a m m i n g  



l a n g u a g e   s u c h   as  APT  or  FAPT  i s   c a r r i e d   o u t   as  i f   a  

w o r k p i e c e   w i l l   be  m a c h i n e d   by  e a c h   of  t h e   t o o l s   in  t h e  

q u a d r a n t   in   w h i c h   t h e   t o o l   p a t h s   a r e   to   be  d i s p l a y e d .  

T h e n ,   b a s e d   on  t h e   p r o g r a m   d a t a ,   NC  d a t a   i s   c r e a t e d   a n d  

t h e   p a t h s   t r a v e r s e d   by  a l l   t o o l s   a r e   d i s p l a y e d   in   o n e  

and   t h e   same  q u a d r a n t   in   a c c o r d a n c e   w i t h   t h e   c r e a t e d   NC 

d a t a .   M e a n w h i l e ,   t h e   NC  d a t a   i s   s u b j e c t e d   to   a  s i g n  

c o n v e r s i o n   in   a c c o r d a n c e   w i t h   t h e   q u a d r a n t s   in  w h i c h  

m a c h i n i n g   i s   a c t u a l l y   to   be  p e r f o r m e d ,   and   NC  d a t a   i s  

c r e a t e d   u s i n g   t h e   NC  d a t a   o b t a i n e d   by  t h e   s i g n  

c o n v e r s i o n .  

I n s t e a d   of  p e r f o r m i n g   a u t o m a t i c   p r o g r a m m i n g   f o r  

m a c h i n i n g   a  w o r k p i e c e   in   t h e   q u a d r a n t   in   w h i c h   t h e   t o o l  

p a t h s   a r e   to   be  d i s p l a y e d ,   as   d e s c r i b e d   a b o v e ,   i t   i s  

p o s s i b l e   to   c a r r y   o u t   p r o g r a m m i n g   u s i n g   an  a u t o m a t i c  

p r o g r a m m i n g   l a n g u a g e   in   w h i c h   t h e   a c t u a l   m a c h i n i n g  

q u a d r a n t s   s e r v e   as  a  r e f e r e n c e ,   and  t h e n   c h a n g e   t h e  

s i g n   of  t h e   NC  d a t a   in   a c c o r d a n c e   w i t h   t h e   q u a d r a n t   i n  

w h i c h   t h e   t o o l   p a t h s   a r e   to   be  d i s p l a y e d .   Such  a n  

e m b o d i m e n t   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g .  

6 .  

F i g .   6  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a  s e c o n d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   in   w h i c h   p o r t i o n s  

s i m i l a r   to   t h o s e   of  t h e   f i r s t   e m b o d i m e n t   shown  in  F i g .  

5  a r e   d e s i g n a t e d   by  l i k e   r e f e r e n c e   c h a r a c t e r s .   T h e  

s e c o n d   e m b o d i m e n t  d i f f e r s   f r o m   t h e   f i r s t   i s   t h a t   ( a )  

t h e   r e g i s t e r   108  f o r   s t o r i n g   t h e   m a c h i n i n g   q u a d r a n t   f o r  

e a c h   t o o l ,   t h e   r e g i s t e r   106  f o r   s t o r i n g   t h e   d i s p l a y  



q u a d r a n t ,   and   t h e   s i g n   c o n v e r t i n g   u n i t   1 0 9 ,   a r e  

p r o v i d e d   b e t w e e n   t h e   NC  d a t a   c r e a t i o n   u n i t   102  and   t h e  

d i s p l a y   u n i t   1 0 7 ;   (b)  t h e   memory   110  i s   d e l e t e d ;   a n d  

( c )   a  t a p e   r e a d e r   114  i s   p r o v i d e d   and   c o n n e c t e d   to   t h e  

NC  d a t a   c r e a t i o n   u n i t   1 0 2 .  

The  s i g n   c o n v e r t i n g   u n i t   109  c h a n g e s   t h e   s i g n   o f  

t h e   X  a x i s   i f   t h e   m a c h i n i n g   q u a d r a n t   i s   t h e   f o u r t h  

q u a d r a n t   when  t h e   d i s p l a y   q u a d r a n t   i s   t h e   f i r s t  

q u a d r a n t .   The  r e s u l t i n g   d a t a   i s   d e l i v e r e d   to   t h e  

d i s p l a y   u n i t   107  so  t h a t   a l l   t o o l   p a t h s   w i l l   b e  

d i s p l a y e d   in   t h e   f i r s t   q u a d r a n t .  

To  v e r i f y   t h e   c o r r e c t n e s s   of  a n  N C   t a p e   113  w h i c h  

has   a l r e a d y   b e e n   c r e a t e d ,   t h e   NC  d a t a   i s   r e a d   in   f r o m  

t h e   NC  t a p e   113  by  t h e   t a p e   r e a d e r   114  and   s t o r e d   i n  

t h e   RAM  104.   N e x t ,   t h e   q u a d r a n t   ( m a c h i n i n g   q u a d r a n t )  

c o r r e s p o n d i n g   to   a  t o o l   c o d e   i s   r e a d   o u t   of   t h e   t o o l  -  

q u a d r a n t   memory   105  a n d   s e t   in   t h e   r e g i s t e r   108 .   S i n c e  

t h e . d i s p l a y   q u a d r a n t   i s   a l r e a d y   s t o r e d   in   t h e   r e g i s t e r  

1 0 6 ,   t h e   s i g n   c o n v e r t i n g   u n i t   109  c h a n g e s   t h e   s i g n   o f  

t h e   NC  d a t a ,   w h i c h   has   b e e n   r e a d   o u t   of  t h e   RAM  1 0 4 ,  

b a s e d   on  t h e   m a c h i n i n g   q u a d r a n t   and   d i s p l a y   q u a d r a n t .  

The  r e s u l t i n g   d a t a   i s   d e l i v e r e d   to   t h e   d i s p l a y   u n i t  

107 ,   w h i c h   r e s p o n d s   by  d i s p l a y i n g ,   in   one   and   t h e   s a m e  

q u a d r a n t ,   t h e   t o o l   p a t h s   of  t h e   f i r s t   and   s e c o n d   t o o l  

r e s t s   r e a d   f r o m   t h e   NC  t a p e   1 1 3 .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a s  

d e s c r i b e d   and   i l l u s t r a t e d   h e r e i n a b o v e ,   p a t h s   t r a v e r s e d  

by  e a c h   of  a  p l u r a l i t y   of  t o o l s   a r e   d i s p l a y e d   in   o n e  



and   t h e   same  q u a d r a n t   on  t h e   b a s i s  o f   NC  d a t a   in   t h e  

p r o c e s s   of  b e i n g   c r e a t e d ,   or  w h i c h   has   a l r e a d y   b e e n  

c r e a t e d .   T h i s   m a k e s   i t   p o s s i b l e   to   o b s e r v e   t h e   o v e r a l l  

m a c h i n i n g   c o n t o u r   so  t h a t   t h e   c o r r e c t n e s s   of  NC 

p r o g r a m m i n g   can   be  a s c e r t a i n e d   w i t h   f a c i l i t y .   T h e  

i n v e n t i o n   a l s o   p e r m i t s   an  a l r e a d y   e x i s t i n g   p r o g r a m   t o  

be  c h e c k e d   v e r y   e a s i l y .  

In  e f f e c t i n g   t h e   d i s p l a y ,   d i f f e r e n t   c o l o r s   may  b e  

u s e d   t o   r e p r e s e n t   t h e   d i f f e r e n t   t o o l   p a t h s .   T h i s   m a k e s  

i t   e a s i e r   to   d i s t i n g u i s h   among  t h e   t o o l   p a t h s   a n d ,  

h e n c e ,   f a c i l i t a t e s   t h e   p r o g r a m   c h e c k i n g   o p e r a t i o n .  

A l t h o u g h   t h e   m a c h i n i n g   q u a d r a n t s   a r e  d e c i d e d   b y  

t h e   t o o l   c o d e s   in  t h e   d e s c r i p t i o n   g i v e n   a b o v e ,   o t h e r  

a r r a n g e m e n t s   a r e   f e a s i b l e .   For   e x a m p l e ,  t h e   m a c h i n i n g  

q u a d r a n t s   c a n  b e   i n s e r t e d   in   t h e   p r o g r a m   or  e n t e r e d  

f r o m   an  e x t e r n a l   u n i t .  

As  many  a p p a r e n t l y   w i d e l y   d i f f e r e n t   e m b o d i m e n t s   o f  

t h e   p r e s e n t   i n v e n t i o n   can   be  made  w i t h o u t   d e p a r t i n g  

f r o m  t h e   s p i r i t   a n d   s c o p e   t h e r e o f ,   i t   i s   to   b e  

u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   n o t   l i m i t e d   t o   t h e  

s p e c i f i c   e m b o d i m e n t s   t h e r e o f   e x c e p t   as  d e f i n e d   in   t h e  

a p p e n d e d   c l a i m s .  



1.  An  NC  p r o g r a m m i n g   a p p a r a t u s   f o r   c r e a t i n g   an  NC 

p r o g r a m   in   a c c o r d a n c e   w i t h   w h i c h   a  w o r k p i e c e   i s  

s u b j e c t e d   to   m a c h i n i n g   by  e a c h   of  a  p l u r a l i t y   of   t o o l s  

in   r e s p e c t i v e   q u a d r a n t s ,   c o m p r i s i n g :  

m e a n s   f o r   c r e a t i n g   NC  d a t a . s p e c i f y i n g   p a t h s   to   b e  

t r a v e r s e d   by  r e s p e c t i v e   o n e s   of  t h e   t o o l s   in   one   a n d  

t h e   same   q u a d r a n t ;  

d i s p l a y   m e a n s   f o r   d i s p l a y i n g   e a c h   of   t h e   t o o l  

p a t h s   in   one   a n d   t h e   same  q u a d r a n t  o n   t h e   b a s i s   of  t h e  

c r e a t e d   NC  d a t a ;  

q u a d r a n t   d e s i g n a t i n g   means   f o r   d e s i g n a t i n g   a  

q u a d r a n t   to   w h i c h   e a c h   t o o l   p a t h   a c t u a l l y   b e l o n g s ;   a n d  

m e a n s   f o r   c o n v e r t i n g   t h e   s i g n   of  an  i t e m   of  t h e   NC 

d a t a   s p e c i f y i n g   t h e   t o o l   p a t h s ,   u s i n g   t h e   q u a d r a n t   f o r  

w h i c h   t h e   NC  d a t a   has   b e e n   c r e a t e d   and  a  q u a d r a n t  

d e s i g n a t e d   by  s a i d   q u a d r a n t   d e s i g n a t i n g   m e a n s .  

2.  An  NC  p r o g r a m m i n g   a p p a r a t u s   f o r   c r e a t i n g   an  NC 

p r o g r a m   in   a c c o r d a n c e   w i t h   w h i c h   a  w o r k p i e c e   i s  

s u b j e c t e d   to   m a c h i n i n g   by  e a c h   o f   a  p l u r a l i t y   of   t o o l s  

in   r e s p e c t i v e   q u a d r a n t s ,   c o m p r i s i n g :  

q u a d r a n t   d e s i g n a t i n g   means   f o r   d e s i g n a t i n g   a  

q u a d r a n t   to   w h i c h   p a t h s   t r a v e r s e d   by  r e s p e c t i v e   o n e s   o f  

t h e   t o o l s   a c t u a l l y   b e l o n g ;  

m e a n s   f o r   c o n v e r t i n g   t h e   s i g n   o f   p a t h   d a t a  

i n c l u d e d   i n   c r e a t e d   NC  d a t a ,   u s i n g   a  q u a d r a n t   f o r   w h i c h  

t h e   NC  d a t a   has   b e e n   c r e a t e d   and  a  q u a d r a n t   d e s i g n a t e d  

by  s a i d   q u a d r a n t   d e s i g n a t i n g   m e a n s ;  



m e a n s   f o r   c r e a t i n g   NC  d a t a ,   s p e c i f y i n g   p a t h s   to   b e  

t r a v e r s e d   by  r e s p e c t i v e   o n e s   of  t h e   t o o l s   in   one   a n d  

t h e   same  q u a d r a n t ,   b a s e d   on  an  o u t p u t   f r o m   s a i d  

c o n v e r t i n g   m e a n s ;   a n d  

d i s p l a y   m e a n s   f o r   d i s p l a y i n g   e a c h   of  t h e   t o o l  

p a t h s   i n   one   and   t h e   same  q u a d r a n t   on  t h e   b a s i s   of  s a i d  

l a s t - m e n t i o n e d   c r e a t e d   NC  d a t a .  
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